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Preferably the GSK 3 i i 
bacterially-expressed Xenopus laevis GSK ^Q^i Xenopus taevis GSK-3P, 

XttN«d « OSK-3P. "".I****, d. GSKO is 

«*-* Phosphate-, G-subuni 1AT P. itra ; e T ^ ynaSe,yPen 

CAM c=U adhesion rno^e M * * neUrof!ta ™ P™m, an N- 

The invention also includes a O^v 7- lv 
OSK.3substtattandaosK.3_. _ " 8 ^ a °' P»<*Pha<e, a 

-"=eo f atts t eo^jr^ t ~rrr fa "~° r 

8 &e l6Vel ^Phosphorylation of the GSK-3 
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I*— of a. , es , compouad £ h = 0S *-3 utaMe in ft. 

3 substrate in the absence of the .est comtT d ° f ph ° sphor >«<» of the OSK- 

-GS K .3i„hib iI0 , cctnpound ,s an indication that the ,es, co rapound 

™--«.^.ft. aWl ^^"*---i» 

hematopoiesis in the grey collie do* with r*- ' Trea t*ent of cyclic 

55:26-28). Furthermore, lithium has been obs ° (Hammond et al., mo.Biood 

^—mMLiCpHortoeuintre^ted in j, h ^ ^ 
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BRIEF DESCRIPTION OF THE DRAWINGS 
F.g Ure 1 comprises Panels A, B and C Pane j a • 
depicts IMPase activity as a fw r , ,S 3 ^ which 

5 -"^bedinEx^ ,. AppK) < M '- ac,,v,,v wa, mcasured 

Bisa 8raphwhichdepicts/nviV °' 330 "'^^n,.^^ , mM . PaJle| 

containing 0 3 M I ;r i „ 01 of a solution 

hadb=e„ i „ J ec, ed w it h„„ e „ fthreesolmions *"*"^<«*«h». which 

solution containing 0.3 M Lid T*. „ *" ^ "» 10 " «*• 

ge with a solut.cn containing 5 mM L-690 330 

depicted in Panel B were .L^^Tin 2 ^ ^ e activity values 
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figure 3, comprises Panels A and B Panel A, • 
SDS-PAGE which depict detection of „h , Pa nel A is a pair of images of 

when L.CI was „„, presenl M ^ ^ 

. , • UUI B 10 LiCI concentration was calculated hv 

^~ n - Apio,of * einvmeofte ~^ve,„r 

corresponding u> each LiCl concentration as a function of Lin 

measurements were made 5 minutes after each reaction was initiated TTi^xperiment 
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complicated by the fact that ■> 

/ ne iact tnat GS-2 contains multiple GSK „k L 

6065). * yW ' Jl Bl01 - Chem. 265:6061- 

■• ^*^":it«;77r ,,M-,-, * ,, ■*•- 

*- kfcWA tell PreSenMOfTPr0tei "' 

te,ed f„, lowing 5 minu , es of ' was 

incubation fa. inched ,„ low ' ^ ,0 >°™- « tta 

protein, as assessed bv PHF , • ' ' ° f PWhorylated t 

guying UbK-3p, and were Jater injected with t nrntein n 

inhibition of GSK irk r.u- • 8 ^ uch depict '» v ' v ° 

mjecuon methods are described in Examnle , o 

P uanes 1 , 3, and 4) or with mRNA specifying 
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Dictyostelium discoideum GRK in n ? 

aeum OJ>K.-3p (lanes 5 and 6), and were th»»n • ■ , 

contained either 0 mM LiCl (lanes . ? , ^ Which 
SDS-polyac^idegeU.ec.pho^ Wes , k ^ ™ S « -» 

Fo.,o. ng2teincubaUooto J^^ 2 '-''"-M Li a (1 ane3, 

Following ovemight incubation, the oocytes were transferred to 0R2+ med k- „ 

ys,s was performed using antibodv PHF i „ ~ 
antibodies. * PHF ' 1 or ««W T14/T46 

Figure 7 is a series of images which depict Western bint , 
^wereutje^dwithn^Aspecifyi,.,,^ „, 



WO 97/41854 

PCT/US97/07238 

5 contained no LiCi or in OR 9+ , medium which 

of incubation and fimher taw. . v m . . * * of hou^ 

-ba tedinthepresenM(+)oftia , Md ^~ den0,i " 8 ™^^^we re 
■OrfUO. The,an enititlKrun . is ' ™ 

isWod, ^ end ° 6 ™- which 

-AM** InPanelA ,«„ em r riP,i0n0f8enesha ^ 

^--~^^7rJrlT^ ,,,,, * A ' , • 
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compares luciferase activity in lvsate frn 
'^-.iv^^e^,^^ 86 ,2 -«^«-.»— andlysed, and 

DETAILED DESCRIPTION OF THE INVENTION 

«**rfl«hg.OSl MBtalddta * ' ftemw "o includes 

ta-ft » . a„in,a, p reftrably . „1 " """^ ** "-*» ° f *-P«* 

•™ yahumm ^™gaGSK.3.re| at eddi S o rier 

and condmons including, bu, „„, )imited t0 , 
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compounds. The discovery that the action of r*- • COntrace P tlve 
5 have lithium-like activity. ^ntihcat.on of compounds which 

The assays of the invention are useftl for ;,Wa ■ 
relics o„ the activity of OSK-3 for ,h,. ° ,htt or condtoon which 

contraceptives. ,e 
As used herein, the term "r.«?kr i» „ 

across ^l^,^ " «~ 

vertebrate GSK-3 exists „ two isofor™, denoled 

of.heprese„„„ve„ n o„. Wore, the ,e™ s "OSK-3", "GS K -3 0 . ar,d"GS K T 
used interchangeably herein. Although the Exam„, P ^ 

*«dyanduseofGS K 3 8 theEXamp,K "«■«• "erein exemplify the 

. _ uprising UbK-3, a source of phosphate a GSK 1 

----OSK.ass^ffer.^^^^ ' 
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substrate. A lower kve. of phosphorylation of the GSK , „ 
<■* « compos spared with the leve, „ h ™ " "* ~ ° f 

in the absence of ,he tes, compoL ^""a- ° f *» °S K -3 substraIe 

In the assay of the invention GSK * « t 

comprises cell-free components OSK 3 i, •„ „ ^ "* "** 

ducted in the milieu^,,' GK ra " ^ ^ ^ ^ 

">™A is transited and GSK 3 nro,,' . GSK-3 be available in (he assay, the 

ana t,!>K.-3 protein is thereby produced ,, ™'" k 
the Examples provided herein fk„ •. ■ • ** apparem from 

molecular biology technics may be used ,„ " 

=:=^~--= 

The term "endogenous in the cell" as u^h • 
^Us^^^^ J— ^eansthatthe 

The term "exogenous to the ceU" as u^h u~ • 
comport, isno, found nan Jr a, ly in mc " c ^ h ; rcra - raeaBte ' 1 > E 
and is added thereto. subject cell, or is found therein at a low level. 
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one or more of the GSK-S^sk T " ****** * euJcar y° tic <*«. 

under conditions which facilitate nsr , • . 50 ' njcc,ed ' s *™ tacubattd 

herein. 8 *" '"^"^ *«* «*B assays described 

> ^ayeastcell. 

Still morepreferably, *e eukaryotic cellI7r 

Abates -ha,, butn o, limWlo , A ^ OT ;;'7 dto ;~ 
Phosphate source has bound thereon arf , J " ° embodim ™. the 

phosphorylated GSK 1 ,„k rt . reaction. In this manner, 

whereas the non-pbosphorylated substrate wi „ ^ ™ ^ d ~ 

-^epho^esourcedrrl: C ~' aW '~ 
^phospho^GSKOsubZ ^ re0nade,eC,ab,ehW: 

herein, *^«fi^^^£^ m *^>°>«« 

a GSK-3 substrate following incubation with 
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GSK substrate upon transfa If] ^T" de '«uMe label which is transferred to the 

ube^a^ii: r,r t^*-*-"-**^***,. 

^.Phospha^se^ibitorw , cAMP^I " ^ *°' ^ 

Phosphor^ site. Preferably „„ ' 

— w . Ma ny0ffc ea f0 r OT e:r:resare 
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Experimental Details section. here '" ,n ,he 

W, and structu*,,^ ' , °~' •*"*>**. derivatives 

-thod.areaJsoincludedintheinventio, " " ^ Which 

As used herein, the term "GSK 1 „.■„. ^ J - 

other disorder or condition which reV u ' ^ * metabolic or 

union wtuch rehes on the activity of Osr i r u 

thatdisorderorconditioaTheterm-GSK, , „ for ^ expression of 

y ministering to the animal an inhibitor of G9*r \ 
a Pharmaceutic^ acceptable carrier Prefer^, • ^ in 

P^biv.thernamrnansahurnJ « ^ ~, and rnore 

The route of administration of a GS*r i ■ u u- 

pharmaceutical* acceptable earner such " ^ in ' 
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isim ™*al delivery by aerosol or via the blood 

upontherotueofadrninisuation. Sk " led - he »-"w„, d e pendinlargepan 

The GSK-3 inhibitor which is used to treat a G^i , 
preferably Ro31-8220. 3 re,ated disorder « 

^bitorsuspendedinapharmaceutically-accemable^ » , 

inhibitorusedinthismethodnft, • *eferabJy, the GSK-3 

sea in tnis method of the invention is Ro3 1 -8220. 

The assays of the invention are usefi.l ~ 

•heabiUtytoinhibitGSK-Sactivity To " """'"'»-<'■* 

- yS d K o rib edb e r= i „ m a y b C jdirr:r"" s,Myof,heosK ° 

describedherei, *" ~ ^ "» <" *■ 

To screen a test compound usine either ,»,«, • 

mixture in the pair. GSK-3 activity js determined in each assay mixture ciftb 

*e tes, compos - OSKO *bi, or , ta 0SK . 3 MU ~ ° f ^ 'f 
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To screen a tea compound l„ vivo in an m i m .i 
which express OSK-3 is selected T„ e ™ ma '' 3,1 — 1 ha ™8 edb 

* ^.andaUeas.oneoJl! *~ *~ *-»*^ » « l« « 

«.e mim a,,ana, y s,sof t hecompos i ,i„„ ofatissilesamD , y e e * w,0 "»>M h 

known to those of skill in the ait. ' ^ ° fbm methods 

The invention is now described with ra e 
Experiment J^^7^^ ,0,,,eB ' ,,, • ta 
" whicharenowdescribed RatheHh constnied to be limited to the Examples 

»f »e skilled artisan. ' Vam "° nS whi ' h « -»» th. skill 

,icn v ^'^-extracellular s.gnal-related kinase I «3ST FR v , 

also known as MAP kina^ i = u„„ • , MW1 -kRK- 1 , 

described in Example 1 GST FRK , experiments 
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l»3.i.N«« ta . 6MSM5|md 

270:70-76,. Tri, ium ,a belcd inosito ,, ' ^ ' Ph *™p. ^ 

1W0.EMBOJ. 9-422542301 T . 8 3 "^"^ mcthod (Go=d m e, al„ 

-.o Sa :i:::r ms,emach — — , M0 , 

for 6 mfaute in o, , ' *° 65 ««> Bhta Wre Abated 

Biol. 132:3.5-324). " (BUSa « al " '*». 

o'0,330s„M„ nwasinjKtKi . / ' Ol0mM '»<'5«ol0n,„f t | 1 eL. 

-~ ^~^:^*-"*-»- 

experiments. ^ WHE '" jeo,ed «P"™e 

IMPase activity 
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a.4-Ca„ dtheresulli „ g , ysatesiipeniatan[was 

i»c ubat e dalroomtempCTanmfor5mi - «~, mixturewasthen 

addidonal 25 minute Each > " W Comi " ued an 

Dovex column, and inositol * "<" «■**• by 

i o assay IMPase activity /„v/v 0 , an ^-inositol ] u u 
having a concentration of 250 uCi/ m l "Phosphate solution 

lwe »<y™bryos„erelyse d i n , 0m , ofa . ,. 7 Aftw < e " ™»"«. 

desciibedabove ^ * W *-*»D» nBtaM 

0 GSK-3p Activity 

Mi"'n.inu lea ,30-CinGSK.3bu ff e r i„a2 5 7 "^"^ '~ 
Biocuem^^-HT) GSK 3 buff reaction voiume (Wang et al., ,9,4, 

IAK-3 buffer comprises 20 mM Tris Hn in 
mM dithiothreitol, and has a pH of 7 5 a, 20-C «r » BC1 > 5 

Bioiabsisi^fromaJL ofT* „ ^ ^ Eng,a„ d 

Biol.O,cm.269 : 14566-N574,. musc 'e cDNA library (Wang, et al., ,994,,. 
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The assay mixt)lrc compriW(J , Qs 
^-^pondingtoO.^Ounitorae.i _ b arnou„,„ faUnase 

(approxi m a,el y50 0 )I Ci/ Mm o| ) 7neassa» m - ^^strate, and 200 jiM [y"PJ-ATP 

^ standard methods. '"""^ ■**"* « determined by 

Wen the peptide, GS-2, was used as*, i. 
GS-2 was pr e Sew a , 25 „ M , * "* for OSK-3P i„ te 

1W2,EMBOJ.„ : 30 85 . 3904) os, ^^ d * nb,d "«**<a*»« rt , 

"> ™°*-n»ecloses,,otheca^ 

at a concentration of 50 pg/ m I When • „ * '" 2 Was P resen < 

(^mitogen-aeti^^ M..^^^ A 

^-^*^J^2^■ ,l r e,,,,,lh - l, 

-useda sth es ub ^ eform ,J p ^^^«»basiepr„te i „ ( MBP ) 

^Mosphoryiataon.^ ^'"^^onofsOug/rn, 

by20mMKClor20mMNaCI " ° ftprotein - «« l»tially inhibited 

25 _ 

described. 

TbeR ° ,e ° f 7: ,M ^--^ D .ve 10PmMt 

messed in the presence of a 
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com P e.i,ive/ n hibi t „rofIMPa S c,L-690,330 Th e bi<„>, t 

tai.iitomtA-*^ 1993 r N r o,en,inh, ' bi,oronMpaseac,i ^ 

«"•, iyyj, J. Neurochem. 60-652-6^ a • ^ 
results depicted in Figure 1, Panel A L-690 330 ff ^ * ^ 

^ activity in , ysates from ' ^ **** inhibited ,„ w , ro JMPase 

comprising 5 mML-690,330 10 ° f a soluti ™ 

was injected. In no case was evident f , .. " St3ge embr y° s 

tendbh effic, „„ developmem ' ' m F ' mhen, " >re - L -»».330 had no 
U ' JJU ^ 111 micromjected embryo* « 

Because dorsalizarion caused by subierti™ y 
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ge " eS) "^(McMahone, a.., ,989 Ce.158 ,075 
experiments described hmri 58.1075-1084 , the 

^pathway.vvhichappearstobewellcon „ * § ^ 

' — tes^ee,,, 

"4:617-622; Doming,^, .995 P r l N , ! ' ' '" 5 ' Na,Ure 

^tesin other signaltransduction patnways ' ' •" ato ~ distinct 

«* has also been ^mo^^ — ST^ 

1 gene which encodes GSK-3B in th*» 

development dive™ organisms , ^ » «• 

"•^<««W3W; Pierceetal ,,,5 D ^'"""^^(H-oode, 
1995,Na tUre 374-6,7-622 Do m - '''^'"P"""' < 2 '™-7«; Heetal., 
92:8498-8502) before . ^ Acad Sci 

Assay for GSK.|lAc.iv«v K '" l " s «'np™ndand»„,si gra , i „ g . 

^-described j~rr;rr:r n "^ osK - 

SutheHandeta,., ,993, Biochen, , 2 ,,, ^ ^^'^^a; 
was inhibited by LiCl Ifccnn _ • ^«^<>fGSK-3pin.h,s. av 

H was ooserved in the presence of NaCI KCI NHrur 
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These results suggest tha , ^ 

or by chloride. LiCl also inhibited GSK 1R ' " y 0U,CT mon(l ^ra cations 

included in the assay mixture Phn h , niM, 5 mM, or 10 mM LiCl was 

y miXTUr e- Pnosphorylated 1-2 couM ™» u j 
LiClwasincludedintheassayn,^ L * d "" Bd " he ° 20 -M 

P^a te dMBPwasd«™ 0 ' ' * A. 
MBP- The pre s emeof ^^r-^^""--* 

"C, inhibit OSK.3p, but d 0esnotMibitE ^ I J^-'--«» t ha t 

~ tt ' y8 - 9raM ^— ^.Dev.Biol. 

Th,specifici^ 0 f, iaUumi ^ bilio _ 

^«-^eac^ofp roteinkinasesolherthan 0SK3B ^ ^ 

in (he assay mixture was 20 mM, no inhibition of PKAtathl,! 7™"" ° f lithiUni 

ei*er k e m ptidewas^asa SU bs tate( H^3 I SerVedWhe " 

SimiUriy, minima, inhibition of ERK-1/ MAP JanasT 

MBP and minima, inhibition of CK„ , *-—*■« P"°«tio» of 
m 63011 of ^ as «y mixtures (Figure 3, 
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specific inhibimr of OSK-3P. "~en««ion, lithium is a 

5 The kinetic nature of the inhibition of GSK »l ,• ,.• 

denned bv measuring the illiti a, ve,oci, y of , 

-y,= it he rth eco„cen ta ,io„ of(hesub J for ^ 7;™- '"-hsetof 
Lid was varied, whiie ail other variabies we re »• ^ * 
> —tooM— irf.-,... ™™"^«consta„,va, U e,T„e 

substrate of OS K - 3 p. * ' fc «"»»*« of the 

The inhibition of IMPase bv lithi um 1. 
"anim^tf^^ ^ ' » ""^titve fashion 

" OSK-3P. In add lt ion, disruption of the 
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gene which encodes GSK 1ft :„ n- 

Dev. Growth and Differ. iM^T). ,970, 

" 15J . Cohen etal. 198? p„ r t n • 
Welsh e, a,., 1993, Biochetn. J. 294 . 625 . 629) ,993 ' B '°*e m . 2, 6:I5 . 19; 

inhibiting GSK-3p. ,,hlUm mimics ™»"-> by 

Xenopus. In organisms in which the wnt nath^ ' Nature 367:76-80) and in 
^fomtaUonofrenaiepittteuHr, 

«al., .994.Dev.Bioi. ,66: 815 . 8I8 ^ l *»~''™»«-.»*** t 

' -46). The mechanism by which 
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"•Mum has effects „ nmime f en ' Mdfr ™'« 8 eneexp re ssion. 
n-plephysioiogicaita^ ^ ~ °^ it may have 

a role in signal transduction in the brain 9:2 «l-2438), may serve 

**» ^bits fc ^°J < ^7T s ~ faE -*'«««*ta 



The materials and methods used^T^^^^ 1 "^^^ 
Examp, e 2 are now described. PCnmentS dMcribed * 

15 Materials used in this Study 

Purified, bacterially-expressed GSK ™ 
England Biolabs. P.a,eran prote , ^ JC""*" 

sequence encoding P<atenb p roleill , a „ c ™P™ng a 

PCS2M,), and an antibody JIT f ^"^ 
» o^ed^^^^^P^np.otein^ 

GSKOp.a.dpiasraidXO.Mcotnnri- ' 
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-^microi^tedwi,,,, Onlo '' , 4,Me *° dSCe,,Btal .36.-45.58). 
0 -uba t ed„ve mi8hutl8 . Ci „ OM ;' a ;' U, '°" ro ^mRNA. 0 My ,« were 

co mP mi„g TproteilL Cy,eSWereU,JKM » i *"'-20 nl ofaso 1 u ti o„ 

In experiments involving embrvnc - 
fon, embryo, Each en,b,y„ was " " * ' * MMR - 'M3«C » 

O.UMMR. W " 8mCr0 ' nJKli0 "— "e m b„ow MretaKdto 
mRNA specifying DN-GSK i m 

J me same procedure was iuni; n • • . 
/» v/Vro phosphorylation by GSK-3 was nerfn 
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*say mixture we re withdrawn a, 0, 5, ,0, ,5, 20 25 and ,„ • 

«• initoed. Following wi.hd.wal each samn ' , "* 

electrophoresis using a 7.5% (w/ v) Dolv ' , by '"'Wanude gal 

' -umdodecy^a, ron^^^***^^ 

Electrophoresis 3:135). ' et al., 1982, 

mRNA en c°ding Diclyoste/iurrt GSK^tf^ ^ e/I0 .P u * GSK-3P or lOngof 

•rea.cdwi.hli.hi^.ftep^ P ttm ^ 0 «K-3P ,„ oocytes 

-^««o n of Tpr o,e, ni „ 10Iheoo ' r" L,ClfM «"»™<-aU 8 .c P „o rt o 
oocyte wastocuta^^oR,. eri . ' F< "' OWm8 microi »j«'on of ,p rotei „, the 

area in OR2+ m ed,um containing 20 mM Line 
period 3123-0. ™ LlCI <0' a pie-determined 

«ercom P ^ 100raMTris>pH65 ^ ^7~"'°»^^^ 

^^.oUOntMNaP.anoO., rnMMaVO ^! ^ ' ^ 
~«fc 8 eda,20,000xg for5ratau ^ 

8e,i " te ^»»--Vw^,sod,n,dod C y I sI;; o ^'~oe 
Po.yacry,a m id=ge It o^ tt oceI.u lM e Westemblo 

' ^ btea *Wthegel wasperfonned 
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ofoocytes,^^,,^ 8hla "8 C m 0R2 + medium . „. 

-W-P— W Kt e mblol 
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oocytes. Western blot analysis was n,rf , 

agnizes P -cateni, ' ^ M ^ **< ^cificaHy 

c-Jun Activity in Xenopus Embryos 

promoter, i nc ] uding ^ ^ 1 ^pnsing the collagenase 

each e ml;ry „ was tacubataJ in a ^ J' J"*"™ 8 of AP,.,„c, 

c °n«Mn»<ionof0,5,10,or20mM Othe 7 ' " ^ mCdiUm Md LiCI 21 a 
» solution comprising 100 M of ' / OTbw were in J«W wid, a 

microinjection of SV40-/ WC eac h of rh t 0Wmg 

271:9942-9946) ten emK « . l^ong et al., 1996, J. Biol. Chem., 

- *y*o), ten embryos which had h«.„ ~ - ■ • 

S™P of.enemb.yos was pooled J ^ """^ a* 

microtubule-associatedproteinexnres^ ■ mWaSUSed T P rote ^a 
*tratefo rG SK-3 P . Tp j;rr -n "~^~-~«. 

^ ^ ,CS f0lWd m patien * dieted with Alzheimer 
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^ dis alsoasubs, ra ,ef oranMberofo . * * Pro,e '™ a substntte for GSK- 
PKA, and cyclin-dependem kinase-5 (Lee J 905 ^ 3SCS ' lnc ' u d' n g ERK-J/MAP kinase, 

- 0gni ,e 0nIyspecificpht) _ 83 )Ap3ne lofM „. bo<|iesthat 

^stone eta,, 1,94, Curr.Bio, .4,077 ,0^ " ^ ^ 

protein following phosphorylation thereof by GSK 30 Tk ^ reco ^ n ' zes a site 
P~y advantageous subs,* te( „ *° Protein is a 

Western ^^^T^^^ 

oocytes expressing OSK-3P. tproteinilh fc taw "^««'*' 

"AS^MandeKowetal 1902 rp H f . (Hanger et al., 1992, Neurosci. Lett. 
. FEBSLe„.,349.,5,-3«, „o W verT ^.^'^Muloteta,., ,994, 
""wieldy, requiring a. OSKOp andt m " ^ melh ° dS ""' ^ 8ro * « 

"volve even longer incubation periods A , 3P " i r protei " '» «« lines 

*-~F ig ure5,P M elsAa„d B ' " ™» - *•* As indicated in 
a^r only 5 tninutesof in^, oft ^**»»«- of t protein is evident 
uon ot Protein with GSK-36. 
To assess GSK 3 t ' ' 

a pre-selected period ranging ^ . . WhKh w ™ *» incubated for 

the oocytes l^anT """^ blowing 
-iysed.andpro^o^d^^ 
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and subject .ow*,™,,, 

antibodies. ^'""^-'anl'bodyorTlv™ 

No signal was detected when PHF-1 
B), which suggests that serines 396 and 404 on t dtoT ^ ^'^ Ure ^' ^ >ane ' 

5 ^"nisconsisten, Z^T^ 

act,v Ity in Xenopus oocytes After nm! , endogenous GSK-3 

hours following microinjection of GSK-30 mRNA^ J mCnI Sixteen 

expressed in , ne "* , "'-" i *> ttt «^ 

taunoreac,ivi, y „fp HF .J u J r ,e '"' Sde ''' C,edi " Fi ^5.Pa„eiB,b y 
expressedOSK^pZL; * Pr ° tti " fr0mh ^^- hi c h 

'-of.prcteinLLcX r: 7~*»»«ft-.* 7* 

^ewasadecreaseoverrel ° W ^ '™ Pe-od. 

"-phosphorated b y C^ 

y waoyoi,K-3p, as determined by Western , • 
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These results establish that th- „ .■ • 

Neurosci. Lett. 197:149-153). (Sperber et al., 1995, 

°SK-3p rottinwaspreseMa J Wh,Chre ~GSK-3 i „di cattdtha( 

^e m de Krib ed above. Oocy.es wJr ' nVK ' ,8aW " toe,he ^^ 

» °~e retocu ba,edfor m add W o„a l 2h 0 ^ * Fn ' m ~ 

^"blo.aoalysisasdescribed _ Md *" "» harvested for . 

^^n R6ure6 ,pJ;^* 0f ^~ nKare de pi e Wto 
activity, was observed only in 00cytes " n ° reac " v,, >' * > ™asare of 0SK-3P 

a=p re se n ceofLiCI, th eCSKOpacdXT° e f K ' 3P<COmParelanK2and3 > 1 » 
» ian=4). yWaSmarkedl ^ nh "'««i(Fi8ure6.Pa„e 1A , 
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described herein. The results nftk;. 

Thus, the intracellular concerns „n l ^ 
' in the assay mixture. WrU,M,heeMra «"'"-co„ re „ trat io„ s<)fLiGI 

Harbor Laboratory, New York) ^ taJ . " ^ laboratory Manual, Cold Spring 
b > presented in Figure* Panel B demons,rattd 
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These results establish that ha ■ • , • 

™*^*m mmu ^** , «~''»«* Wore,,, 
«* phyloga„= (ic spee,™ * *™ • >>™d portion of 

OneconseouenceofGS ^ ' "*™*». 
^(i.e.d,= an„ adilloph eno,™ i 't" , Pr< " Ci " in fe ~„g 

(Heasmaneul., 1994, Ce.l 7979, S „„ "^"'^"""i"**,^ embryos 

™eb ra ,es and invertebrates whieh " ° f P - Ca,enfa ta 

&Dev.,0:,44 3 .,454>. mRNA specifv' Xenopus (Yost et al., 1 99g G enes 

DN.OSK-3 has previous!, bjl ^ ^ *> oocy.es. 

^ernb^Yosteta, '° P-e„in ,„ 

GSK.3had„oappa renl e freclonp ^ . ^ * ^""of wiid-type 
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address whether lithium inhibits enoWn tUmover - To 

""uiis endogenous oocyte GSJeT i ~ 
•njected with P-catenin specific mRN a ^ Which were 

cells microinjected with DN-GSK-3 (lane 3) TV XamUMm °°"™d in 

Pmeinwas injected i„ to stage 6 oocv.es whicT ' ''""^ reCOmbinanI P^tcnin 

anybody ,ha, sp e Cifical| ' Wesl ™ °'o< a^ysis using a, 

-nin pro ,ei„ fe „ in J^^"'"- b «^ taU ,e l e V e lofinjKted(! . 

in <he absence ofUCI a, 4 and 6 hours Ms t ■' '" ""'^ is al ™ s ' ^etectabJe 

'.Pan=,B,,a„es4 +a nd 6+ ,. awtaJJ ^ ^ ^ Lid (Fi gure 

Endogenous p^catenin was present .t ™, u , 
oocx.es. Endogenous^™,,,, ' P to "^ ifiC ^ Ai ^ 

"■c^epitopeatUte^,^ ^^"'"^-eraleopiesof 
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P-catenin protein. The possibility that ,k 

these resuiIses , ablishthatJiIh . ^^17*^ d '»^^.hese reason, 

compare ta» 4 . ^ 4+) . ^ 10 «* (F 18ure 7 , PaiK , c> 

Genes&Dev. 1 0:1 443-1454) and « 3 (Yost et al -> 1996, 

observed in embryos did not a ' Endogenous P-catenin 

^"""""-"'AP-lbyliHiua, 

P^ latesc . Junat J^ 0 t7 ereXPreKi " eGSK - 3a "<'^ OSK-3 

I -^ceH M : 57 , 584;P ^:;t;Bt^: tsc " Junactivi,y(Boy, " l "• 
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■nd lysed. and luciferase activity i„ each mk , ^ WK hm °™ 

> ^bicbwetei^ted '.-wasdete^. 

"^"""^i^bationt^ediun, lucife ras " C " V " y ' ""^ Whe ° was 
i" *c embryo l ysates ffjgure * M,V ">' «" ™«*ed more than 20-fold 

polyac^ide ge, electroph„ resis reMa ,. """^ f0rma < i °" « observed i„ 

a«ivi.y. Transcript™ 0{luc which . AiM S " e - 11 » affected by c-Jun 

' b ^ep reanC e 0fBWm J e ^ ,Uafe -~nw M c hw „ 0taffected 

"P^drivenbythes™ 1! B,. 0ene 
e—^^^J^-^^e^tb,,^ 

^^*^z*:z ^^^^ 

«" driven by U,e S V40 prom r T " '° * 

respective promoters. ° * ex P ressed &om the 
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Myo-in„ sit „ lblockSK|opicaiisjiidiictdbyDNGsK3 

•Wothesis, n,,^^, ' *«« '° >W» fc inosilo , 

inositol to block dorsal axis f 01 w u- ^ ^ abi,i * of myo- 

inositol. XPCC,ed,0act,h «»'8k*Ple.io„of my( , 

=«opic axes that form after coiniection „f ^ ^^ior extent of the 

"yo-inositoi.theyaremarked.yreducedinsize [0 7'' me ^ 01 ^* 

notirJtiWtthe^^^ ( « .n Table ,). My o-i„osi tol did 

^o„of^ pril ^ d0 ^^ K - 3 ; rotemmdtad -*-»ib.eeffec,o„ 
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Tab| e , The effect of injection of DN-GSK 3 n„ 




* The results obtained follnun,, • • 

,n "«maiy, the results presented h. • 

"^-^-tthWNfarfosxj,, *^ d ' rat *^P'ion, which 

glycogen synthesis ft, „, ! *" * *° - 

(Dtctyoste/ium and Orosophila) forms of GSr^3 ^rosl'an) and invertebrate 

Mcates that the sensitivity of OSK 3 ,„ , v " ^ W 

Oogenetic specmtm. l^l^^"^"""" 

'"""^^^^'^bitionofGSKOisa 
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genera] mechanic for lithiam action i n tee seRjnK „. 
inhibitor, will be effective u ^ ° r another G $K-3 

-,3c riPtion enhancemcnt mediated b ; c .;^" , md increasc 
^•io"ofG SK . 3PactivilywMobse ; cd> ^ **° ^pp~ y50% 

ej:~:„::;r ,c 

scope of the invention. 8 "* tn,c spmt md 
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What is claimed is: 

!• A method of identifying a G<WM- 

^'^^GSKO^ay buffer "'^'"•offcptae.aOSK, 

. ^'-"*eab Kn « ofsaidte ^ 

nem " 0d0fCWm, ' Wh -»--- iS co nWnedw . lWla . 

3. The method of claim o i_ 
exposing OSK.3 fom GSK , jn ™ * WW is provided by 

6- ^ method of claim 3 • 
«« Prior ,o said tacubaUon. " ™° — Mq* 

«Upri„r,„ sa , diocubatim "^"""^^imosaideukarycic 
incubation. * ""'"J* 1 * — -id erotic ce|| 
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9- The method of claim 2 wh 
• solution compijsine ^ , es( compou id «» -« -W„ (ic cel , is , n 

JO- The method of claim 1 u ■ 

and a yeast cell. 5 3 ^^stelim discoideum ceil 

1 1 • The method of claim l n »,u • 

ceJ l- ^ 3nd a /oev/j embryo 

aven^vegeJlaL^^^ 

15. The method of claim l • . 

incubadon. """^ '° «* «*"». during said 

It The m «h„ dofc|aim2 
eukaryoticcell. OSK " 3 ,s Oogenous in said 

XenopuslaevisQSK^ bacteria,, GSK - 3 «. 
P^offce^^ 

theZ)/c^e// uw ^ co/ ^^ gene W ^ ^ ex P^s, 0n product of 

19. The method of claim 18, wherein said OS* v u 
expressed Afe^ W GSK . 3p em 53,(1 GSK "3 » bacteriaUy- 
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20- The method of claim i L 
endo g e n ousi nsaid ^ odcc j Claim2 - Wh --^OSK-3 subsfraleis 

21- The method of claim t L 
23 - The method of claim I wherein 

^.andfeuk^ ,P0,ard,M " i ".n»nia,Akhei m er- s disease, 

29. The method of claim j_ . 
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6 :><ua s P e nnato2oa a GSK i ;„ht.- 
Phannaceutically-acceptable carrier. Upended in a 

31. The method of claim in l. 

aingofRo3I 8220 °' Whem " 531(1 GSK ^-*iW.or is ^eced 
•to"**,****,**,** ""^"^'^d . 
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